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We r e p o r t  t h e  measurement of 80 new FIR laser l i n e s  i n  
CD3CID o p t i c a l l y  pumped by a r e g u l a r  con t inuos  wave C02 la- 
ser. These l i n e s  a r e  i n  t h e  s p e c t r a l  range of 7” t o  2 . 9 ” .  

I n t r o d u c t i o n  

FIR laser a c t i o n  i n  f u l l y  d e u t e r a t e d  methyl a l coho l  
(CD3(D)  was f i r s t  r e p o r t e d  by Kon e t  a l l .  who measured eight 
l i n e s  o p t i c a l l y  pumped by C O  laser l i n e s  (1). Subsequent ly  
more FZR laser l i n e s  have. been found us ing  o t h e r  C02 pump 
l i n e s .  A l i s t  of a l l  p r e v i o u s  l i n e s  i n  C D 3 0 D  w a s  given i n  a 
r e c e n t  r ev iew paper  by Kon e t  a l l .  ( 2 ) .  

pumping over  t h e  e n t i r e  r a n g e  of r e g u l a r  C02 l a s e r  l i n e s  by 
va ry ing  t h e  p r e s s u r e  and t h e  ou tpu t  coupl ing  of t h e  l a s e r  
i n  such a way t h a t  even weak l i n e s  could o s c i l l a t e .  Our 
laser was s p e c i a l l y  c o n v e n i e n t  f o r  observing long  wavelen- 
g t h  l i n e s .  Bes ides  Tak ing  CD30D a more a t t r a c t i v e  l a s i n g  
g a s  f o r  a p p l i c a t i o n s ,  t h i s  d a t a  w i l l  he lp  i n  the  spec t ros -  
cop ic  ass igment  of i t s  FIR l i n e s .  

2 

b?e performed a c a r e f u l l  s e a r c h  f o r  new l i n e s  i n  CD3OD 

Exper h e n t a l  Setup 

The exper imenta l  s e t u p  c o n s i s t  of a cont inuous  wave C O 2  
pump laser and a FIR c a v i t y .  The 
2m long c a v i t y  mechan ica l ly  s t a b i l i z e d  by inva r  rods,  a 150 
l i n e s / “  g r a t i n g  on one s i d e  and p a r t i a l  r e f l e c t o r  ZnSe 
m i r r o r  tin t h e  o t h e r  end. The output  mirror  was mounted on a 

C O 2  laser c o n s i s t s  of a 

an 
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t e n s i t y  va lue  of 100. 
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PZT t u b e  which a l lows  f o r  t u n i n g  t h e  f r e q u e n c y  of t h e  C02 
laser l i n e s  over  i t s  ga in  cu rve .  

The FIR l a s e r  is  a Fabry-Perot  r e s o n a t o r  formed by two 
c o n c a v e ,  gold coated m i r r o r s ,  b o t h  w i t h  140cm r a d i u s  of 
c u r v a t u r e  and 7.5cm d iame te r .  One of t h e  m i r r o r s  has  a ho le  
i n  i t s  c e n t e r  of 1.5" d i a m e t e r  f o r  c o u p l i n g  t h e  C 0 2  r a d i a -  
t i o n  i n t o  t h e  c a v i t y .  T h i s  end of t h e  c a v i t y  i s  s e a l e d  bv a 
N a C l  window i n  Brewster a n g l e .  The o t h e r  m i r r o r  c a n  be 
t r a n s l a t e d  by a micrometer i n  o r d e r  t o  t u n e  t h e  c a v i t y  i n  
r e s o n a n c e  w i t h  the  C D 3 0 D  e m i s s i o n  l i n e s .  The wavelength 
measurements  were made by c o u n t i n g  t h e  modes i n  a c a l i b r a t e d  
3.5" scan.  The wavelength a c c u r a c y  i s  A A / h  = 10-3. The FIR 
Fover  was coupled o u t  of t h e  c a v i t y  by a 450 m i r r o r  by c u t -  
t i n g  and p o l i s h i n g  a 6mm - d i a m e t e r  coppe r  c y l i n d e r .  The 
c y l i n d e r  can be pos i t i oned  a t  v a r i o u s  d i s t a n t e s  from t h e  
l aser  a x i s  t o  va ry  t h e  c o u p l i n g .  The r a d i a t i o n  e x i t s  t h e  
laser  th rough  a 1.5" t h i c k  q u a r t z  window o p p o s i t e  t o  t h i s  
c o u p l i n g  m i r r o r .  The l i n e  i n t e n s i t i e s  were measured w i t h  a 
G o l a y  c e l l .  The r e l a t i v e  p o l a r i z a t i o n  of t h e  l i n e s  was de- 
t e r m i n e d  by a meta l  mesh p o l a r i z e r  p l aced  i n  f r o n t  of t h e  
FIR d e t e c t o r .  

R e s u l t s  

The sample of CD3CD used was from Merck Sharp & Dohme 
w i t h  cominal  i s o t o p i c  p u r i t y  of 99.5%. W e  have measured a 
t o t a l  of  80  new l i n e s ,  which a r e  shown i n  t a b l e  I, a r r a n g e d  
by C02 pump l i n e .  I n  t h i s  t a b l e  i t  i s  g i v e n  the  w a v e l e n g h s ,  
optimum p r e s s u r e s  of t h e  gas ,  r e l a t i v e  p o l a r i z a t i o n  and 
i n t e n s i t i e s  of t h e  FIR laser l i n e s .  S i x  of t h e  new l i n e s  
h a v e  wavelength  be l low 100pm where t h e  t r a n s m i s s i o n  of t h e  
q u a r t z  FIR laser o u t p u t  window i s  s h a r p l y  reduced.  The 
s h o r t e s t  new wavelength l i n e  is 79.6pm pumped by t h e  lOR(42) 
C02 laser  l i n e .  I n  t h e  100-50O~m r a n g e  we have found 59 new 
l i n e s  and t h e  o t h e r  15 a r e  above 500pm. The l o n g e s t  wavele- 
n g t h  l i n e  measured was a t  2 . 9 "  pumped by t h e  lOR(24) C02 
l i n e .  To o u r  knowledge t h i s  i s  t h e  l o n g e s t  o p t i c a l l y  pumped 
FIR laser l i n e  r e p o r t e d  u p  t o  now. 

The i n t e n s i t i e s  of t h e  l i n e s  were measured wi th  a Golay 
d e t e c t o r  u s ing  v a r i o u s  a t t e n u a t o r s ,  when necessa ry ,  t o  
p r e v e n t  s a t u r a t i o n .  The F I R  s i g n a l  d i v i d e d  by t h e  pump po- 
w e r  g i v e s  a r e l a t i v e  i n t e n s i t y  f o r  e a c h  l i n e .  These numbers 
were t h e n  norrnalized wi th  r e s p e c t  t o  t h e  r e l a t i v e  i n t e n s i t y  
of t h e  118.8pm l i n e  of C H 3 0 H ,  on t h e  same c a v i t y ,  t o  which 
w a s  a t r i b u t e d  a v a l u e  of 100. On t h i s  scale rnost l i n e s  have 
r e l a t i v e  i n t e n s i t i e s  c l o s e  t o  10. The s t r o n g e s t  l i n e  i s  t h e  
136.9pm l i n e  pumped by the lOR(46) which has  a r e l a t i v e  in-  
t e n s i t y  v a l u e  of 100. 
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Table I - New FIR Laser Lines Obtained from C D j O O  

co .. CD,OD 
~ 

co2 
Pump 

L in t  

gR(40) 

9R(38) 

gR(34) 

9R(32) 

9R(28) 

9R(24) 

9R(22) 

9R(18) 

OR(16) 

9R(12) 

9R(10) 

9R(08) 

9R(06) 

9R(02) 

9P(04) 

9P(06) 

9P(08) 

9P(10) 

9P(12) 

CD OD 3 
Laser 

Line 

X (um) 

567.8 

111.3 

289.6 

411.6 

80.1 

456.1 

550.1 

102.2 

312.7 

494.1 
say. s 

82.6 

150.5 

319.4 
457 .5*  

141 - 7  

552 .4  

491.2 

249.7 
482.5 
497.2 

178.6 

247.5 

342.8 
558.5 

256.4 

184.2 

651.9 

353.8 

Rela t .  Pres. 

Polar.  (mT) 

I I  
I 
I 

I I  
I 

I I  
II 
I 
I I  
I 
I 
1 

I I  
I I  
I I  
I I  

I 
I 
I 

I I  
I I  
II 
I I  
I I  
I 
I I  
I 
I 
II 

L 

P-P 
Power 

(W 

15.5 

17.5 

18.0 

18.0 

19.5 

19.5 

22.5 

23.0 

23.5 
23.5 

23.5 

23 .O 

23.0 

23 .O 

23.0 

21.5 

21.5 

23.0 

20.0 
20.0 

20 .o 

9.5 

15.0 

19.5 

20.5 

21.5 

22.5 

22.5 

23.0 

J 
Relat. 

Paver 

(W 

1.0 

16.9 

0.4 
0.2 

1.5 

2.1 

4 .O 

4.2 

12.6 

6.3 
10. 5 

6.4 

21.4 

65.2 

53.6 

2.3 

3.6 

17.2 

12.5 
49.4 

45.4 

0 .5 

23.2 

7.7 

1.6 

5.0 

26.7 

8.7 

8.7 
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co2 CD30D 

pump Laser 
Lint Line 

A (vm) 

Rtlrt .  
Polar. 

Pres. 

(mT) 

CD30D 

Rclat. 

Pover 

(W) 

I I  
I 1  
I !  
I I  
I I  
II 
I 
I 

I I  
I I  

23 .O 8.7 

9P(16) 210.5 

342.7 

25.0 

25.0 

25.5 

25.5 

1.2 

27.9 

19.5 

16.4 

19.1 

0.2 

3.4 

9P(18) 329.2 

453.6 

9P(20) 373.4 26.0 

9P(22) 663.0 

9P(24) 294.6 

9P(26) 139.5 

356.5 

25.0 

26.0 

28.0 

26.0 

24.9 

4.5  

19.3 9P(28) 348.1 

9P(30) 153.1 

9P(32) 272.5 

9P(34) 684.7 

9P(38) 236.1 

9P(40) 404.3 

684.3 

9P(42) 129.6 

9P(44) 152.3 

9P(J6) 172.0 

9P(48) 255.0 

lOR(46) 136.9 
391.3 

lOR(44) 87.1 
314.3 

lOR(42) 79.6 

lOR(32) 131.5 

lOR(26) 222.0 

340.7 
670.4 

I I  
I 

(150) 26.5 

26 .O 13.3 

1.0 It 
I I  
II 
I 
I 
I 
I 
I 
I 

I I  
! I  

25.0 

24 .O 2.0 

13.1 22.5 

21.0 
21.0 

14.1 
0.7 

18.0 4.3 

56.4 14.0 

10.0 51.3 

6.0 6.7 

10.0 
13.5 

128.3 
4.3 

I 

I 
I1 

11.5 
11.0 

6.0 
15.2 

16.5 4.1 

(130) 21.5 4 . 6  

23.0 
23 .O 

23.0 

6.2 
2.6 

0.5 
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co2 CDjOD 

Pump Laser 

L i n e  Line 

X (um) 

lOR(24) 598 .4  

lOR(18)  

10R( 14) 

lOR(08) 

lOR(04) 

lOR(O2) 

lOP(06) 

1OP (08) 

lOP(l0) 

lOP(l4) 

1OP( 16) 

10P (20) 

10P (30) 

lOP(32) 

lOP(38) 

lOP(46) 

1OP (48) 

972.0 
2923.0 

408.8 

694.7 

289.5 
372.0 

438.8 
1162.2 

208.3 

577.8 

202.0 

235.7 

161.3 

151.3 
311.0 

165.3 

329.9 

216.9 

83.6 

242.9 

375.3 

85.5 

105.4 

262.1 

L i n e s  v i t h  a r e  

Rclat. 

Polar .  

II 
I 

I t  
I I  
I I  
I I  

I 
I 
1 
I I  
I I  
I 1  
II 
II 
II 
I 
II 
I I  
I I  
I I  
I I  
I 
I 
I 
I I  

c02 
Pump 

Pover 

(W 

24.0 

24 .O 

24 .S 

23.5 

23.5 

23 .O 

23.0 
23.0 
23 .O 

23.0 

19.5 

14 .o 

23 .O 

23.0 

24.5 

24.5 

27.0 

26.5 

25.5 

26.5 

20.5 
23.5 

23.5 

15.0 

10.0 

881 

CDjOD 

Relac. 

Pover 

(W 

69.9 

4 2 . 1  

20.1 

13.4 

12.6 

47.2 

12.8 
21.4 

21.4 

19.3 

12.6 

70.5 

L. 7 

1.3 

44.3 

2.0 

7.4 

16.8 

31.0 

0.5 

32.2 

8.4 

12.6 

32.9 

1.5 

p r e v i o u s l y  o b s e r v e d ,  b u t  w i t h o u t  po- 

l a r i z a t i o n  m e a s u r e m e n t s .  

1 1  P a r a l l e l  

I Perpendicular 
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